Improving the Stability of Slopes with the Aid of Underground Houses  by Ilieş, Nicoleta-Maria et al.
 Procedia Technology  19 ( 2015 )  363 – 370 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2015.02.052 
I=#CI:GC6I>DC6A DC;:G:C8: #CI:G9>H8>EA>C6G>IN>CC<>C::G>C<#(.,(! )8ID7:G
.>G<J'JG:H,DB6C>6
#BEGDK>C<I=:HI67>A>IND;HADE:HL>I=I=:6>9D;JC9:G<GDJC9 =DJH:H
(>8DA:I6'6G>6 #A>:T6 #D6C6'R9RA>C6'DA9DK6C6->A>K6C06A:CI>C'DA9DK6C6
 #!&+'! )+'2#./'04,$)1( -,! 
0&  .'0'10.##0)1( -,! 
,* +' 
  
&DLG>H:G:H>9:CI>6A8DCHIGJ8I>DCH9:K:ADE:9DCI=:HADE:HD;JG76CH:IIA:B:CIHI=GDJ<=DJII=:.G6CHNAK6C>6C *A6I:6J6G:6ABDHI
6AL6NH;68>C<I=:EGD7A:BD;A6C9HA>9:H	 :H>9:HI=:7:C:;>IHD;I=:I=:GB6A:;;>8>:C8ND;JC9:G<GDJC96C9H:B>7JG>:9=DB:H
I=:=NEDI=:H>HI=6I6=DJH:ID<:I=:GL>I=>IHHIGJ8IJG6AHNHI:B>H86E67A:IDHI67>A>O:6 HADE: 6EE:6GHID7:K:GN>CI:G:HI>C<	 .=:
EJGEDH:D;I=:E6E:G>HID9:BDCHIG6I:=DLI=:HIGJ8IJG:D;6CJC9:G<GDJC9=DJH:>C;AJ:C8:HI=:HI67>A>IND;6HADE:	
P  .=:JI=DGH	*J7A>H=:97NAH:K>:G&I9	
-:A:8I>DC6C9
DGE::GG:K>:L JC9:GG:HEDCH>7>A>IND;X*:IGJ'6>DGY /C>K:GH>IND;.>G<J'JG:H 68JAIND;C<>C::G>C<	
#43,."/ -A>9>C<HADE: HI67>A>INADHHHI67>A>O6I>DCB:I=D9H7JG>:9=DJH: HJHI6>C67A:9:H><C	
 
 ! 
.DLCH 6G: ;68>C< I=: EGD7A:B D; G:6A :HI6I: 9:K:ADEB:CI DC HJGGDJC9>C< =>AAH L>I=>C I=: 7DG9:G D; I=: JG76C
H:IIA:B:CI	.=:B6>CG:6HDC>HI=6II=:H:6G:6H=6K:B:9>JBIDK:GN=><=HADE:>CHI67>A>INL=>8=86JH:HI=:EG>8:HD;
>CK:HIB:CI ID G>H:	  DG I=: H6B: G:6HDC I=: 6G:6H L>I= ;6KDG67A: DG>:CI6I>DC L=>8= 6G: :CK>H6<:9 ;DG ADL G>H:
G:H>9:CI>6A9:K:ADEB:CI >CI=:AD86AJG76CG:<JA6I>DCHG:B6>CK686CI 45	DCHIGJ8I>C<=DJH:HDC=>AAN6G:6HL>I=
JCHI67A:HADE:H8DJA97:BDG:8DCK:C>:CI6C9A:HH:ME:CH>K:7NEDH>I>DC>C<JC9:G<GDJC9 =DJH:H	 .=>H>H 6C:LIG:C9
>C,DB6C>6>CIGD9J8:9>CI=:A6HI N:6GH45 457JICDIHJ;;>8>:CIANHIJ9>:9	
.=: HE:8>;>8 8DCI:MI D; .G6CHNAK6C>6C =>AAH 45 45 45 45 45 G:K:6AH 6 INEDAD<N I=6I C::9H BDHI D;I:C
8DCHDA>96I>DCH >C DG9:G ID >BE:9: I=: D88JGG:C8: D; A6C9HA>9:H >C HJ8= 6 L6N I=6I 8DCHIGJ8I>DCH 8DJA9 7: H6;:AN
9:K:ADE:9DCHADE:H>I:H	.=:HIJ9N8DBE6G:HI=:>C;AJ:C8:D;6C JC9:G<GDJC9=DJH:DC6HADE::BEADN>C<H:K:G6A
HI67>A>IN B:I=D9H	  DG I=: HIJ9N ID 7: BDG: :;;:8I>K: HADE:H L>I= 9>;;:G:CI <G69:H INE>86A ;DG I=: 6G:6 D; AJ?
DGG:HEDC9>C<6JI=DG	.:A		
* ') "".#// C>8DA:I6	>A>:H9HI	JI8AJ?	GD
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of “Petru Maior” University of Tirgu Mures, Faculty of Engineering
364   Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
(6ED86 45454545L:G:H:A:8I:9	.=:8=DH:CHIG6I>;>86I>DCD;I=:HD>A>H6AHD8=6G68I:G>HI>8D;I=:HADE:H>C
AJ?	
.=:86H:HIJ9N9:H8G>7:9>CI=>HE6E:G9:BDCHIG6I:HI=::;;:8ID;6CJC9:G<GDJC9=DJH:DCI=:AD86A6C9DK:G6AA
HI67>A>IND; HADE:HL=>8=6G:EG:H:CI>C< HJE:G;>8>6A HA>9>C<HJG;68:H >CIGD9J8>C< I=:9:H><C8DCH>9:G>C<8DCK:C>:CI
8DBEJI6I>DC B:I=D9H 6C9 I=: 9:H><C 6EEGD68=:H B:I=D9 G:8DBB:C9:9 7N JGDE:6C CDGBH	 .=: HIJ9N L6H
8DC9J8I:97N>CIGD9J8>C< I=:8=6G68I:G>HI>8HD;I=:HADE:6C9I=:JC9:G<GDJC9=DJH:>CI=: !:D >C:-D;IL6G:45	
.=: B:I=D9H :BEADN:9 L:G:  :AA:C>JH*:II:GHDC 6C9 'DG<:CHI:GC*G>8: 8DCH>9:G>C< I=: H6;:IN ;68IDGH 6EEGD68=
4545	
 DG I=: 6C6ANH>H ID 7:BDG: 688JG6I: I=G:: 9>;;:G:CI <G69:H D; I=: HADE:L:G: H:A:8I:9	 #C DG9:G ID G:K:6A I=:
>C;AJ:C8:D;6CJC9:G<GDJC9=DJH:;DG:68=86H:;DJG 6C6ANH:H L:G:8DC9J8I:9 I=:>C>I>6AH>IJ6I>DC I=:C6IJG6AHI6I:
D;I=:HADE: I=:H>IJ6I>DCD;I=:HADE:6;I:GI=::M86K6I>DC I=:HADE:ID<:I=:GL>I=I=:AD69;GDBI=:=DJH:6C9 I=:
>C;AJ:C8: D; I=: =DJH:WH HIGJ8IJG: DC I=: HADE:	 .=: HADE:HL>I= <:CIA: <G69:HL:G: EGDK:9 ID7: HI67A: ;GDB I=:
>C>I>6A HI6<:	 .=: JC9:G<GDJC9 =DJH: ID<:I=:G L>I= >IH HIGJ8IJG: 9D:H CDI =6K: 6 C:<6I>K: >BE68I DC I=:
8=6G68I:G>HI>8HD;I=:HADE:	.=:HADE:HL>I=6K:G6<:<G69:HEGDK:9IDG:K:6AI=:BDHI>CI:G:HI>C<H>IJ6I>DCL=:G:I=:
EDH>I>DC>C<D;6CJC9:G<GDJC9=DJH:=6HI=:BDHI:;;:8I>K:>BE68I	.=:6C6ANH>HD;HI::EHADE:HG:K:6A:9I=:C::9D;
BDG:8DBEA:MHIGJ8IJG6A>CI:GK:CI>DCH>CDG9:GID68FJ>G:<:C:G6AHI67>A>IN	
.=:6C6ANH>H8DC9J8I:9>CI=:HADE:HI67>A>INBD9JA:D;I=:<:DI:8=C>86AHD;IL6G:EGDK>9:9>C;DGB6I>DCI=6I86C
7:6EEA>:9>CI=:G:6AEG68I>8:D;:C<>C::G>C<6C96G8=>I:8IJG6A9:H><C	.=:G:HJAIHEGDK:9I=6I>CI:AA><:CI6EEGD68=:H
86C7:A:HH:ME:CH>K:6C99DCDI6AI:GI=:HJGGDJC9>C<:CK>GDCB:CI6HBJ8=6HI=:8A6HH>86ADC:H	$JHI7NEA68>C<6C
JC9:G<GDJC9DG=6A;7JG>:9=DJH:DC6HADE:I=6IEG:H:CIHHA>9>C<G>H@HI=:EGD7A:BB6N7:HDAK:9	 .=:G:HJAIH86C
7:6EEA>:9>C:K:GNG:<>DCL>I=-DJI=:GCDG>:CI6I>DC>CI=:(DGI=:GC=:B>HE=:G:I=6IEG:H:CIHHA>9>C<HADE:H	
.=:EGD<G6BHI=6IJH:B:I=D9H;DG86A8JA6I>C<I=:HI67>A>IND;HADE:HG:EG:H:CI>CCDK6I>K:B:I=D9H>CI=:I:8=C>8H
I=6I G:K:6A I=: 8=6G68I:G>HI>8H D; HADE:H	.=: EGD<G6BH 6AADL I=: H>BJA6I>DCH 6C9 6C6ANH>H D; HI67>A>IN 6C9 ADHH D;
HI67>A>IN H>IJ6I>DCH 6HL:AA 6H I=:EGD8::9>C<HJ7H:FJ:CI HI67>A>O6I>DCD; HADE:H7N >CIGD9J8>C<6C9:M6B>C>C< I=:
;68IDGH6C9:A:B:CIHI=6I86C>C;AJ:C8:>IH8DC9>I>DC	
   ""
NI=:6>9D; HD;IL6G: 9:9>86I:9 ID<:DI:8=C>86A86A8JA6I>DCH!:D >C:-D;IL6G:-ADE:-I67>A>IN'D9JA: 45
I=:HADE:WHHI67>A>INL6H6C6ANO:9	
DCH>9:G>C< I=:G:8DBB:C96I>DCHD;-,( 45 6C9I=:-,( V ( 45I=:HI67>A>IN6C6ANH>H L6H
E:G;DGB:9K:G>;N>C<>;I=:9:H><C:;;:8IHD;I=:68I>DCH9 9DCDI:M8::9I=:8DGG:HEDC9>C<G:H>HI6C8:,9	 
"6" 
#C HADE: HI67>A>IN 6C6ANH>H I=: :;;:8I D; I=: 68I>DCH >H I=: DK:GIJGC>C< BDB:CI'9 6C9 I=: G:H>HI6C8: >H I=:
G:H>HI>C<BDB:CII=:G:H>HI6C8:IDI=::;;:8I',9 45	 .=::FJ6I>DCL=>8==6HID7:K:G>;>:97:86B:
"
"

"
"
6	

#CI:GBHD;H6;:IN ;68IDGHI=:G:A6I>DC86C7:LG>II:C6H
"
"

"
"
7

.=:9:H><C:;;:8ID; I=:68I>DCH6C9 I=:9:H><C G:H>HI6C8: >HD7I6>C:97N6EEAN>C<H6;:IN ;68IDGH ID I=:68I>DCH
B6I:G>6AH6C9G:H>HI6C8:H	.=:C6I>DC6A6CC:MD;JGD8D9:G:8DBB:C9H ;DGI=:HADE:HI67>A>IN6C6ANH>HIDJH:I=:
H6;:IN;68IDGH8DGG:HEDC9>C<IDI=:9:H><C6EEGD68=8DB7>C6I>DC6C9IDI=:9:H><C6EEGD68=	
DCH>9:G>C<I=:K6AJ:HD;I=:H6;:IN;68IDGH;DGI=:6C6ANH>H6C96G:>9:CI>86AI=:G:;DG:I=:86A8JAJH>H
E:G;DGB:9;DG
365 Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
.=:HADE:8DCH>9:G:9>CI=:HI67>A>IN6C6ANH>H=6HBA:C<I=>CDG9:GIDD7H:GK:I=:DK:G6AAHI67>A>IN>C;AJ:C8:
D;I=:7J>A9>C<DCI=:HADE:	 DGI=:6C6ANH>H ID7:6H:ADFJ:CI6HEDHH>7A: I=G::9>;;:G:CIHADE:>C8A>C6I>DCHL:G:
8DCH>9:G:9QQ6C9Q6C9ID7:6H8ADH:IDG:6A>IN6HEDHH>7A:I=:A6C9HIG6I>;>86I>DC8DCH>HIHD;6H:FJ:C8:
D;A6N:GH8DBBDCAN;DJC9DCI=:HADE:HD;AJ?(6ED86	
#CI=:;>GHI86H:I=:HADE:>H>C8A>C:96IQ6C9;GDBI=:HI67>A>IN6C6ANH>HE:G;DGB:9L>I=I=:!:D >C:-D;IL6G:
7N  :AA:C>JH*:II:GHDC6C9'DG<:CHI:GC*G>8: B:I=D9L:8DC8AJ9:I=6II=:D88JGG:C8:D;6A6C9HA>9:>HJCA>@:AN>C
I=: C6IJG6A HI6I: D; I=: HADE: H::  ><	 	 ;I:G 6C :M86K6I>DC L6H E:G;DGB:9 DC I=: HADE: >C DG9:G ID 7J>A9 6C
JC9:G<GDJC9=DJH:I=:G:BDK6AD;6B6HHD;:6GI=9:HI67>A>O:9I=:HADE:AD86AAN6I>IHJEE:GH>9: 7JI<:C:G6AANI=:
HADE:>HHI67A:H:: ><		  DAADL>C<I=:JC9:G<GDJC9=DJH:EDH>I>DC>C<HDB:AD86A>CHI67>A>IN6EE:6GH>CI=:JEE:G
H>9:D;I=:HADE:6AI=DJ<=DC6K:GNHB6AA6G:6	.=>H86C7::6H>AN8DCIGDAA:96C9I=:DK:G6AAHI67>A>IND;I=:HADE:>H
H6I>H;>:99J:IDI=:L:><=I8=6C<:H:: ><		 .=:JC9:G<GDJC9=DJH:=6H6G6;I;DJC96I>DC6C96AAI=:L6AAHI=6I6G:
>C 8DCI68I L>I= I=: HD>A 6G: G:>C;DG8:9 8DC8G:I: 9>6E=G6<BH I=JH I=: HIGJ8IJG6A HNHI:B >BEA>8>IAN HIG:C<I=:CH I=:
HADE: H:: ><	 	 #I >H EDHH>7A: 9JG>C< I=: :M86K6I>DC HI6<: ID=6K: AD86AAN >CHI67>A>IN EGD7A:BH 7JI I=:<:C:G6A
HI67>A>IN D;I=:H>I:>HH6I>H;>:9	
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		 -I67>A>IN8=:8@;DG6QHADE:
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 	 	 		
-ADE:HI67>A>IN6C6ANH>HL>I= 'DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 	 	 		
 ><		-I67>A>IN8=:8@;DG 6QHADE:L>I=6C:M86K6I>DC
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9  	 	 	 	
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6Q HADE:L>I=6CJC9:G<GDJC9=DJH:















	








	






















	









	

	
	





























	























	










	

	





	


	
	
			









		


 































	





		

	

	
		
		



		

































	








		

	

	
		
		



		


























	























	








		

	

	
		
		




		


	






	
	




















	


	


















	









		

	

	
		
		




		


	

		




	
	
		
366   Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 	 	 	 	
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6QHADE:L>I=I=:HIGJ8IJG6AHNHI:B;DG6CJC9:G<GDJC9 =DJH:
#CI=:H:8DC986H:I=:HADE:>H>C8A>C:9BDG:6IQ6C9;GDBI=:HI67>A>IN6C6ANH>HE:G;DGB:9L:8DC8AJ9:I=6I
I=: D88JGG:C8: D; 6 A6C9HA>9: >H EDHH>7A: 7JI JCA>@:AN H::  ><	 	 .=: HI67>A>IN ;68IDG >H 8ADH: ID I=: B>C>BJB
69B>HH>7A:	 #C I=>H 86H: 6;I:G G:BDK>C< 6 B6HH D; :6GI= >C DG9:G ID 7J>A9 6C JC9:G<GDJC9 =DJH: I=: HADE: L6H
AD86AAN9:HI67>A>O:96I>IHJEE:GH>9:H:: ><		 #;I=:JC9:G<GDJC9=DJH:>HEA68:9I=:AD86A>CHI67>A>IN>CI=:JEE:G
H>9: D; I=: HADE: >HB6>CI6>C:9 H::  ><	 	)C 6 A6G<:G HJG;68: >I >H EDHH>7A: ID :CHJG: I=: HI67>A>IN 6H H=DLC >C
'DG<:CHI:G*G>8:B:I=D9	#;68I>DCHIDG:>C;DG8:I=:HADE:6G:CDII6@:C9:<G696I>DCHD;I=:JC9:G<GDJC9=DJH:L>AA
D88JG>CI>B:	 .=:G6;I;DJC96I>DC6C9I=:G:>C;DG8:98DC8G:I:9>6E=G6<BHD;I=:JC9:G<GDJC9=DJH:=6K:I=:GDA:D;
6HJEEDGIHNHI:BH:: ><	I=:G:;DG:I=:HADE:>HHI67A:	#I>HEDHH>7A:IDHI>AA=6K:HDB:AD86A>CHI67>A>IN7JII=:N
6G:DCK:GNHB6AAHJG;68:H	
-ADE:HI67>A>IN6C6ANH>HL>I=  :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		 -I67>A>IN8=:8@;DG6QHADE:
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6 Q HADE:L>I=6C:M86K6I>DC















	








	






















	








	

		




















	


	


















	










		





	

	
	
	








 
















	



	











	










	



	


	



	

























	























	













	



	


	



	










	























	



	











	







	





	

	

	


	


    

	






	




	

























	























	










	





	

	

	


	


	

	






	


 

	









	
	
  
367 Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DGI=:>C>I>6A
HADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:>C>I>6A
HADE:	9
,9 		 	 	
 ><		-I67>A>IN8=:8@;DG6Q HADE:L>I=6CJC9:G<GDJC9=DJH:
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DG I=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6QHADE:L>I=I=:HIGJ8IJG6A HNHI:B;DG6CJC9:G<GDJC9=DJH:
.=:I=>G986H:EG:H:CIHI=:HADE:>C8A>C:9:K:CBDG:6IQ6C9;GDBI=:HI67>A>IN6C6ANH>H L:8DC8AJ9:I=6I I=:
HADE: >HJCHI67A: H:: ><	 >C >IH C6IJG6A HI6I:	.=:<:C:G6A8DC9>I>DCD; I=: H>I: >H JCHI67A: I=:DK:G6AA HI67>A>IN
;68IDG H=DLH6<:C:G6A >CHI67>A>IND; I=: HADE:	 ;I:G G:BDK>C<6B6HHD;:6GI= >CDG9:G ID7J>A9 I=:JC9:G<GDJC9
=DJH:HI=: HADE:H>HAD86AAN9:HI67>A>O:9 DGI=:HI67>A>IN;68IDG>H8ADH:IDI=:B>C>BJB69B>HH>7A: 6HL:AA6H>CI=:
EG:K>DJH86H:H:: ><		*A68>C<I=:AD69D;6CJC9:G<GDJC9=DJH:L>AAB6>CI6>CI=:AD86A>CHI67>A>IN DGI=:HADE:>H
8ADH:ID>CHI67>A>INH:: ><		.=>H86CA:69IDI=:9:I:G>DG6I>DCD;I=:7J>A9>C<>CI>B:>;699>I>DC6A8DCHDA>96I>DC
B:6HJG:H6G:CDII6@:C	
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE: HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6QHADE:




	





	






	








	

	












  	


 






	

	

























	




	



	

	

	

 


	

	


















	








	






















	






	

	



	

	

	




	

	

	







	
	





















	



	











	










	





	

	

	


	


    

	






	




	

























	























	













	





	

	

	


	


	

	






	





	






 	
	




	






















	























	


















   	




 	







	


	




		
	
	
368   Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 	 	 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6QHADE:L>I=6C:M86K6I>DC
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDC B:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6Q HADE:L>I=6CJC9:G<GDJC9=DJH:
-ADE:HI67>A>IN6C6ANH>HL>I= :AA:C>JH*:II:GHDCB:I=D9;DG
I=:>C>I>6AHADE:	9
,9 		 		
-ADE:HI67>A>IN6C6ANH>HL>I='DG<:CHI:GC*G>8: B:I=D9;DGI=:
>C>I>6AHADE:	9
,9 		 		
 ><		-I67>A>IN8=:8@;DG6QHADE:L>I=I=:HIGJ8IJG6A HNHI:B;DG6CJC9:G<GDJC9=DJH:
























	




	


		

	


		

	

		


	


  	
	
  





	


	

  


	



















	








	






















	






	

	






		

	


		

	

		


	


	 	
	

	





	


	




	

	




















	








	






















	






	

	






		

	


		

	

		


	


	 	
	

	





	


	





		



	


	
	










	









	



	





	


















	








	






















	






	

	


		

	


		

	

		


	


	 	
	

	





	


	





		





			

















	








	






















	






	

	






		

	


	

	
	
	
369 Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
DCHIGJ8I>C<6CJC9:G<GDJC9=DJH:DCI=:HADE:L>I=6Q>C8A>C6I>DCL>AACDIA:69IDI=:8DCHDA>96I>DCD;I=:
H>I:6H >C I=:EG:K>DJH H>IJ6I>DCHH:: ><		AI=DJ<= I=:G:>C;DG8:98DC8G:I:9>6E=G6<BH ID<:I=:GL>I= I=:G6;I
;DJC96I>DCD; I=:JC9:G<GDJC9=DJH: 7:6G I=: GDA:D; 6 HJEEDGI HNHI:B >C I=>H 86H: I=: HIGJ8IJG6A HNHI:B86CCDI
67HDG7I=:G:HJAI>C<A6I:G6A AD69H	.=:HADE:G:B6>CHJCHI67A:DGK:GN8ADH:IDJCHI67A:6C9I=:=DJH:L>AA9:<G69:
DK:GI>B:>;CD68I>DC;DG;JGI=:G8DCHDA>96I>DC>HI6@:C	
 !
;I:G8DC9J8I>C<H:K:G6AH>BJA6I>DCHL>I=!:D >C:-D;IL6G:JH>C< :AA:C>JH V *:II:GHDCB:I=D9L>I=68>G8JA6G
HA>9>C<HJG;68:6C9'DG<:CHI:GC*G>8:B:I=D9L>I=6EDAN<DC6AHA>9>C<HJG;68:L:8DC8AJ9:9 I=6I9:E:C9>C<DC
I=: >C8A>C6I>DC D; I=: HADE: EDH>I>DC>C< 6C JC9:G<GDJC9 =DJH: >C 6 I:GG6>C L>I= A6C9HA>9: EDI:CI>6A =69 9>;;:G:CI
:;;:8IH	 .:GG6>CHL>I= ADL:G >C8A>C6I>DCH I=:C QL:G: CDI >C;AJ:C8:9 7N I=: JC9:G<GDJC9 =DJH:	:86JH: D; I=:
G:9J8:9 HADE: I=: I:GG6>C L6H HI67A: :CDJ<=	 .:GG6>CH L>I= >C8A>C6I>DCH 7:IL::C Q 6C9 Q L:G: HIGDC<AN
>C;AJ:C8:97NI=:8DCHIGJ8I>DCI=:HIGJ8IJG:D;I=:=DJH:G:EG:H:CI>C<I=:8DCHDA>96I>DCHNHI:B >IH:A;	.:GG6>CHL>I=
>C8A>C6I>DCH=><=:GI=6CQL:G:CDIHI67>A>O:97NI=:JC9:G<GDJC9=DJH:76H:HIGJ8IJG:6C9BDG:8DBEA:MHNHI:BH
L:G:C::9:9	.=:G:6G:HB6AA9>;;:G:C8:H>CI=:K6AJ:D;I=:HI67>A>IN;68IDG7JII=:N6G:CDIH><C>;>86CI	
.=: G:HJAIH D; I=>H HIJ9N 6G: <>K>C< JH I=: EDHH>7>A>IN ID HI6I: I=6I 6C JC9:G<GDJC9 =DJH: L>I= 6C 6EEGDEG>6I:
;DJC96I>DCHNHI:BB><=I8DCHDA>96I:I=:HADE:HL>I=HA>9>C<EDI:CI>6A	.=:HIGJ8IJG6AHNHI:BG:>CI:<G6I:H6H>I:L>I=
6ADL=DJH>C<EDI:CI>6A6H>I:L>I= 6EDI:CI>6AD;C6IJG6A=6O6G9HD88JGG:C8:>CIDI=:A>K>C<HE68:	#CI=:H6B:I>B:
ILD EGD7A:BH 6G: HDAK:9 I=: EGD7A:B D; 6K6>A67A: HE68: >C 6 <GDL>C< 8>IN 7JI 6AHD I=: EGD7A:B D; HADE:H
HI67>A>O6I>DC	 .=: EGDEDH:9 B:I=D9H ID 6C6ANH: I=: HADE: HI67>A>IN 9:E:C9 DC I=: HD>A <:DI:8=C>86A E6G6B:I:GH	
.=:G:;DG:>I>H=><=A><=I:9I=:>BEDGI6C8:D;6C6EEGDEG>6I:<:DI:8=C>86AG:EDGI6C9I=:688JG68ND;I=:9:I:GB>C:9
HD>A 8=6G68I:G>HI>8H	.=:EG:8>H>DCD; I=: HD>A 8=6G68I:G>HI>8H >H6AHD6C >BEDGI6CI ;68IDG >CD7I6>C>C< IGJI=;JA H6;:IN
;68IDGHDCHI67>A>IN	
#C8DC8AJH>DC>CDJGDE>C>DCI=>HHIGJ8IJG6AHNHI:BG:>C;DG8:98DC8G:I:L6AAH6C96G6;I;DJC96I>DCB><=IHDAK:
I=: A68@ D; =DJH>C< HE68: >CH>9: 8GDL9:9 8>I>:H EA68:9 >C 6G:6H L>I= HA>9>C< EDI:CI>6A 7JIBDHIAN I=>H HIGJ8IJG6A
HNHI:B>BEGDK:HI=:HI67>A>IND;I=:H>I:H6C9>I8DCIGDAI=:C6IJG6A9>H6HI:GH86JH:97NHADE:HA>9>C<	

45 'DA9DK6C#'	&D8J>CI:>C<GDE6I:/C9:G<GDJC9=DJH:H	*=I=:H>HAJ?(6ED86	
45 #A>:H(''DA9DK6C#'	/C9:G<GDJC9=DJH:HDCHA>9>C<HADE:H8I6.:8=C>86(6ED8:CH>H>K>AC<>C::G>C<G8=>I:8IJG:0DA	 	
(JB7:G	AJ?(6ED86/.*G:HH>CEG:HH	
45 'DA9DK6C#'#A>:H('	-I67>A>O6I>DCD;6EDI:CI>6ANHA>9>C<HADE:L>I= I=:6>9D;6CJC9:G<GDJC9=DJH:$DJGC6AD;EEA>:9C<>C::G>C<
-8>:C8:H0DA	>HHJ:	)G69:6/C>K:GH>IND;)G69:6*J7A>H=>C<"DJH:>CEG:HH	
45 'DAC6G##A>:H('	DCHI>IJI>K:BD9:AHJH:9>C<:DI:8=C>86A:C<>C::G>C<9:H><C	*GD8::9>C<HD;I=:I=#CI:GC6I>DC6A-8>:CI>;>8
DC;:G:C8:0-/W	0DA	##	E	0#	-D;>6JA<6G>6	
45 'JG:H6C)	*DHH>7A:DK:GK>:LD;A6C9HA>9:G>H@6HH:HHB:CIB>I><6I>DC6C9B6C6<:B:CI	*GD8::9>C<HD;.=:HI#CI:GC6I>DC6ADC;:G:C8:
DC+J6A>IN6C9 #CCDK6I>DC>CC<>C::G>C<6C9'6C6<:B:CI'6G8=AJ?(6ED86,DB6C>6	
45 'JG:H6C)#A>:H('*DE6DCHDA>96I>DCD;6C68I>K:HJG;68:A6C9HA>9:*GD8::9>C<HD;I=:I=#CI:GC6I>DC6A-8>:CI>;>8 DC;:G:C8:
0-/W	0DA	##	E	0#	-D;>6JA<6G>6	
45 *DE6#A>:H('	 JC96G:6JC:>8DCHIGJ8I>>E:JCK:GH6CI>CHI67>A DJC96I>DCD;68DCHIGJ8I>DCDC6CJCHI67A:HADE:	*GD8::9>C<HD;
2#6DC;:G>CI6(6I>DC6A69:!:DI:=C>86H> JC96I>>	EE		.>B>HD6G6,DB6C>6	
45 *DE6#A>:H(=>DG:6C	/I>A>O6I>DCD;6C6ANI>86AB:I=D9H>CHADE:HI67>A>IN6C98DCHDA>96I>DC	*GD8::9>C<HD;.=:I= 6CJ7:
JGDE:6C DC;:G:C8:DC!:DI:8=C>86AC<>C::G>C<X GDB,:H:6G8=ID:H><C>CJGDE:6C*G68I>8:Y	G6I>HA6K6-ADK6@>6	
45  LLL	EG>B6G>68AJ?C6ED86	GD
JG76C>HB
G:<JA6B:CI*/!	=IBA K>:L:96I

	
45 67:HDAN6>/C>K:GH>IN 68JAIND;CK>GDCB:CI6A-8>:C8:6C9C<>C::G>C< 6C9.:8=C>86A/C>K:GH>IND;AJ?(6ED86 68JAIND;>K>A
C<>C::G>C<-IJ9>JEG:A>B>C6G!:DAD<>:!:DBDG;DAD<>:	"6GI6G>H8<:DBDG;DAD<>8!:DAD<N!:DBDGE=DAD<N*G:A>B>C6GN-IJ9N	
!:DBDGE=DAD<>86A,>H@'6E-I6<:##  688DG9>C<ID*	/	!	D;AJ?(6ED86	
45 !:DI:8=C>86A9D8JB:CI6I>DCH6C9I:8=C>86AHI67>A>INHIJ9>:H>C8DC8DG96C8:L>I=(*688DG9>C<ID*	/	!	D;AJ?(6ED86
45 !:DI:8=C>86A:ME:GI>H:DCG:A:K6CII:GG>IDG>:H9:I:GB>C:97N:ME:GIH688DG9>C<ID*	/	!	D; AJ?(6ED86	
45 !:DI:8=C>86AHD;IL6G:HJ>I:!:D	/H:GWH!J>9:	
370   Nicoleta-Maria Ilieş et al. /  Procedia Technology  19 ( 2015 )  363 – 370 
45 7G6BHDC&1&::.--=6GB6-DN8:!'	 -ADE:-I67>A>IN6C9-I67>A>O6I>DC':I=D9	 C9:9	(:L3DG@$D=C1>A:N-DCH
45 =:C<3'&6J%	-ADE:HI67>A>IN6C6ANH>H6C9HI67>A>O6I>DC(:LB:I=D9H6C9>CH><=I	(:L3DG@,DJIA:9<:	
45 -,(	JGD8D9:!:DI:8=C>86A9:H><C V *6GI!:C:G6AGJA:H	
45 -,(
(	JGD8D9:!:DI:8=C>86A9:H><C V *6GI!:C:G6AGJA:H	(6I>DC6ACC:M	
45 DC9"6GG>H 	:8D9>C<JGD8D9:&DC9DC.6NADG G6C8>H
